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ABSTRACT
Background: This study investigates the relationship between immunological
Received: 16/02/2024 testing, candidiasis, and end-stage kidney disease (ESKD). Individuals with a

compromised immune system, such as those with ESKD, are more vulnerable to the
fungal infection candidiasis. The study intends to demonstrate the influence of
immunological testing on diagnosing and treating candidiasis in the setting of
ESKD. Methodology: Immunological assays are crucial for identifying Candida
infections in individuals with ESKD and provide valuable insights into the immune
2024. This is an open- response and vulnerability to fungal pathogens. This research seeks to elucidate the
accéess ar;'c'e ””ﬂire:;z diagnostic and prognostic importance of immunologic markers linked to candidiasis

y in patients with ESKD. The research investigates the complexities of managing

http://creativecommons A i . : . >
.org/licenses/by/4.0 candidiasis in ESKD, including the impact of immunosuppression and renal

insufficiency on the immune system. Results: The research thoroughly analyzes
many literature sources to explore the immunological markers used for diagnosing
n candidiasis, emphasizing their effectiveness in distinguishing between colonization
and invasive fungal infection. The research examines the challenge of treating
candidiasis in individuals with ESKD, taking into account the influence of
immunosuppressive medications and the need for tailored antifungal approaches.
Conclusions: The findings of this study might enhance the detection, management, a
nd treatment results of candidiasis in patients with ESKD, offering valuable insights
to medical professionals, researchers, and healthcare providers caring for these indivi
duals.
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INTRODUCTION

In the last twenty years, Candida species have become one of the primary causes of illness in healthcare
institutions, ranking among the top three or four (1). It mainly results in bloodstream infections (BSIs) in preterm
newborns and those with catheter-associated Candida infection or 1V total parenteral nutrition (2;3). Candida spp.
is fungal species that may reside in the oral cavity as commensal organisms and have a role in the development of
severe fungal infections (4).

More than 15 species of Candida can cause disease, with C. glabrata, C. tropicalis, and C. albicans being the
most prevalent (5). The Pathogenicity of infections and immune system damage varies across animals. The
prevalent types of Candida infections in the general population are mostly found in the mucous membranes,
specifically in the esophagus, oropharynx, and vaginal mucosa. Candida infection is quite prevalent in the
esophagus, representing up to eighty-eight percent of cases of esophagitis (6).

Kidney failure occurs when the kidneys lose their normal operating capability. The cause of this syndrome may
be complex, including diseases, autoimmune disorders, diabetes, different endocrine disorders, cancer, and
exposure to toxic chemicals. Chronic kidney disease (CKD) is a prevalent illness that poses a substantial public
health problem. Approximately 10-12% of the global population is affected by this condition (7). CKD is a major
public health issue with widespread effects on people globally. CKD is defined by the existence of kidney damage
or a decreased glomerular filtration rate (GFR), which is regarded as the primary indicator of kidney function. Six
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stages of renal problems are linked to the glomerular filtration rate (GFR), with the last stage being known as End-
Stage Kidney Disease (ESKD) (8). ESKD is a significant public health concern known for its profound effects on
the incidence of diseases and mortality rates. People with ESKD experience a progressive decline in kidney
function, leading to the accumulation of waste products and disturbances in fluid and electrolyte balance (9).

Two choices exist for a patient with ESKD who is encountering a life-threatening circumstance. The first choice
is to have a kidney transplant, which necessitates locating a compatible kidney donor. The second option is to
undergo hemodialysis. Most patients with end-stage kidney disease prefer hemodialysis over kidney transplantation
due to reduced surgical risks, avoidance of immunosuppressive medications, and not needing to find a suitable
kidney donor (10).

People with ESKD may have immune dysfunction, which increases their vulnerability to infections, including
fungal infections such as candidiasis. Immunological tests, such as measuring cytokine levels, studying different
types of lymphocytes, and analyzing immunoglobulin patterns, are crucial for evaluating the immune system and
infection response in patients with ESKD. Understanding the relationship between these immune variables and
candidiasis in patients with end-stage kidney disease is essential for improving patient treatment and outcomes.
Several studies have studied the occurrence of Candida in the oral cavities of chronic kidney disease patients
undergoing hemodialysis and peritoneal dialysis (11). (12) Discovered that Candida species' ability to stick to the
surface of the mouth may be influenced by diabetes, a weakened immune system, and salivary problems, as well as
other systemic illnesses.

Identifying Candida in experiments is done using simple methods such as microscopy, culture, or antigen
detection assays. Wet mount microscopy is used to identify budding yeast cells as well as hyphal or pseudohyphal
types. Additionally, they exhibit robust growth on standard culture media and, when subjected to Gram staining,
have a Gram-positive characteristic and an oval form. They utilize multiple verification methods, such as the Vitek
2 structure, which first developed a fluorometric card and subsequently a colorimetric card for the swift recognition
of yeast species. Both cards' effectiveness has been assessed through various researches (6;13).

This review, therefore, aims to investigate the correlation between immunological tests, candidiasis, and ESKD
in order to provide insights into the diagnostic and prognostic consequences of these relationships.

1. End-Stage Kidney Failure (ESKF)

Chronic renal failure (CRF) is a gradual and permanent deterioration of kidney function caused by the /gradual
degeneration of the nephrons over a prolonged period of time. This condition eventually leads to end-stage kidney
failure (ESKF), in which the kidneys are no longer able to function adequately. To survive, people with ESKF must
undergo long-term renal replacement therapy, such as dialysis, or receive an adequate kidney transplant. Renal
failure can result from various pathologies affecting the blood vessels, glomeruli, tubules, and lower urinary tract
(14). People with renal insufficiency must ingest between 1800 and 36,000 liters of water per year of dialysis (15).
Patients suffering from ESKF often use peritoneal dialysis (PD) as a form of renal replacement treatment in the
comfort of their own home (16). The dialysis machine is contaminated with a considerable number of
microorganisms, including saprophytic fungi normally found in water and soil. These fungi can behave like
parasites (pathogens) in people with a healthy immune system. People receiving hemodialysis suffer from
immunosuppression, which makes them particularly susceptible to infections. As a result, they are dependent on
regular hospitalizations and surgical interventions, which increase their risk of nosocomial diseases. The most
common fungal diseases are those that affect the vascular system (17).

Inadequate personal cleanliness in hemodialysis patients, especially those with a vascular access, increases their
susceptibility to infection. It is therefore important to educate these patients on methods to improve and maintain
their personal hygiene. Fungal infections at the exit site are more common than peritonitis, but can be treated more
quickly. However, they can increase the likelihood of subsequent peritonitis. Fungal infections are usually caused
by highly pathogenic fungi, specifically Candida species, which cause disease and proliferate either locally or
systemically in the human host as a result of a weakened immune system (18).

Bacteria and other microbes thrive in tanks and taps, which are ideal environments for the growth of biofilms.
PVC pipes are often used to transport water throughout the water distribution network. This transports microbial
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substances via the water to the dialysis machines. Dialysis fluids are inherently non-sterile and susceptible to
contamination by various fungi. A variety of saprophytic fungi, including Cladosporium, Fusarium, Acremonium,
Candida parapsilosis, Trichoderma, Penicillium, Verticillium, Aspergillus, and Chrysosporium, have been
recovered from the water in hemodialysis units (19).

ESRF patients exhibit significant metabolic features, including the accumulation of metabolic waste products
and notable changes in biochemical markers such as creatinine clearance (CrCl), urea, and creatinine (Cr). In
addition, there are changes in acute-phase proteins such as C-reactive protein (CRP), interleukin-6 (IL-6) (20),
albumin, and ferritin, as well as alterations in the lipid profile observed in the plasma of these patients. Severe
impairment of renal function, whether sudden or permanent, poses a life-threatening risk and requires the
elimination of harmful waste products and the restoration of normal fluid levels and body composition. This can be
achieved through the process of dialysis with a synthetic kidney (16; 21; 22; 23; 24).

Inflammation is a natural response of the body to infection, injury, or toxic damage (25). In its acute phase, it
can lead to starvation and atherosclerosis. An increase in IL-6 is frequently observed in hemodialysis patients. This
increase in IL-6 is thought to be a key factor in the close association between inflammatory processes, stunted
growth, and coronary artery disease in hemodialysis patients.
2.Candida Species

The taxonomic classification of the organism is Candida, which is a genus of fungi responsible for several
diseases in humans and animals. Certain species of Candida are benign commensals that inhabit the body of a
variety of hosts, particularly humans. However, when the protective boundaries of the host's mucous membranes
are compromised or when the immune system is weakened, these species can lead to disease (26). Candida
albicans is the predominant fungal species responsible for various diseases in humans and animals (Figure 1). It is
usually present as a typical part of the microbial community in the gastrointestinal tract of the host, while some
species reside as endosymbionts within insect hosts (27).

People undergoing prolonged antibiotic treatment, diabetics, and people with a weakened immune system,
including those infected with HIV, have a higher risk of contracting yeast infections (28). Candida species can
invade a host, either via its own flora or by acquiring the infectious yeast from outside, as several cases stated (29).
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Figure (1): lllness sites on the human body and the commensalism of Candida albicans (30).
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Candidiasis is a fungal infection caused by Candida . According to (31), the infection can be either primary or
secondary. The clinical symptoms of candidiasis can range from severe to mild and from chronic to recurrent.
Certain Candida species are normally present in the human body, but they only grow harmfully under certain
circumstances and cause opportunistic infections (32). The primary pathogen is C. albicans, but other Candida
species such as C. tropicalis, C. Krusei, C. glabrata, C. guillermondii, and C. parapsilosis also contribute to a range
of diseases (33). Certain species can cause secondary infections in other species. For example, infection with C.
parapsilosis can occur as a secondary infection of C. albicans in mycotic endocarditis. The incidence of aggressive
fungal infection has increased significantly, as previously documented. Several studies have shown that the
incidence of disease increases with age (33; 34).

Immunocompromised individuals, including organ and bone marrow transplant recipients, individuals
undergoing chemotherapy, and AIDS patients, are at risk for both systemic and disseminated candidiasis (35).
Invasive candidiasis is common in patients who have suffered burns, undergone major surgery, received prolonged
antibiotic treatment, implanted catheters, or are pregnant, using oral contraception, have diabetes mellitus,
suffered local trauma, or are elderly (36).

3. Host immune reactions to Candida spp.

Indoor surroundings are home to a diverse range of fungi, which can cause a variety of ailments in patients with
weakened immune systems (37). The innate immune system serves as the first barrier for the host's nonspecific
defense against infection. The initial stage of immune system responses involves the interaction between epithelial
cells, which play a crucial role in defending the body against attacks by the C. albicans pathogen. Many receptors,
including mannose receptors (MR), C-type lectin receptors (CLRs), and Toll-like receptors (TLRS), can recognize
this pathogen, leading to the release of chemokines and pro-inflammatory cytokines (38).

Phagocytosis, an essential part of the body's defensive system, was among the first mechanisms of innate
immunity. Neutrophils, dendritic cells, and macrophages phagocytize C. albicans for removal. The cell wall
components of C. albicans, such as mannan, glucan, and chitin, possess immunostimulatory characteristics that
trigger phagocytosis (38). Mannan, also known as the strains that distinguish Candida species, is located on the
outer surface of the C. albicans cell wall (39). Heat-killed C. albicans increased the amount of 1,3-glucan normally
present in the mannan of the pathogen's cell wall (39).

The process of phagocytosis, in which macrophages engulf glucans, can improve the elimination of pathogens by
generating reactive oxygen species (ROS). These ROS are important chemical substances for the elimination of
pathogens. However, live C. albicans inhibits the production of ROS during the phagocytosis process by phagocytes
(40).

Consequently, numerous cells, including epithelial cells, neutrophils, and immunologic cells, produce and
manufacture several antimicrobial peptides, such as histatins, LL-37, and B-defensin. LL-37 is a chemotactic
substance produced by monocytes and neutrophils. The benefits of suppressing C. albicans adherence to plastic
surfaces were demonstrated in studies by (41). The B-defensin family, synthesized by epithelial cells, exhibits
antibacterial properties against both Gram-negative and Gram-positive bacteria, as well as enveloped viruses, and
fungi under laboratory conditions.

Histatins are proteins that are released by the parotid and submandibular glands in human saliva. They have a
fungicidal effect against C. albicans and may contribute to the formation of tiny membrane defects (38). B and T
cells, which are part of the adaptive immune system, have surface receptors that have undergone genetic
restructuring. These receptors exhibit a high degree of specificity towards a particular antigen. The innate and
adaptive immune responses are closely linked, and an effective adaptive immune response relies on the activation of
cells that live in tissues, cells that present antigens, and certain B and T cells. Tissue rebalancing requires a delicate
balance between TH17- and TH1-type immune responses and regulatory T cells (Treg cells) (42).

Thus, the activation of CLRs in a living organism leads to the formation of CD4+ T lymphocytes of the TH17
and TH1 types. The TH1 response confers protective immunity against fungi by enhancing the activities of
phagocytic cells through the secretion of IFN-y and facilitating the production of opsonizing antifungal antibodies
by B cells. TH17 responses play a critical role in the activation of tissue cells, including epithelial cells and
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fibroblasts. This activation leads to the production of chemokines that attract phagocytes to the site of the immune
response. The production of the interleukin (IL)-17 families of cytokines, particularly IL-22 and IL-17A, is
responsible for this process (43).

Th17 and Thl cells are the primary T helper subsets that play a critical role in promoting immunity against many
pathogenic fungi (44). In addition to the traditional Th1/Th2 responses, Th17 cells have recently been identified as a
major subtype of Th cells that provide defense against bacterial and fungal infections that occur outside of cells.
Th17 cells primarily generate the cytokine IL-17A, which has several proinflammatory functions such as recruiting
neutrophils, enhancing the function of neutrophils and macrophages in phagocytosing foreign substances, and
inducing the synthesis of B-defensin (45). IL-17 is recognized as a key component in the immunological reaction to
C. albicans infection (46).

For a long time, it was thought that cell-mediated immunity (CMI) was an exception, while humoral
immunization played a negligible or minimal role in the immune response. It is generally accepted that the CMI
mechanism plays a crucial role in defense. However, it is known that only certain types of antibody responses
provide protection. In general, Thl-type cell-mediated immunity is desirable to clear a fungal infection, but Th2
immunity often results in susceptibility to invasion (47).
4.Renal Candidiasis.

C. albicans is still the predominant species; however, there is an increase in non-C. albicans organisms,
particularly C. tropicalis, C. parapsilosis and C. glabrata (48). Candidiasis can lead to considerable illness and
death. Candida species account for 10 to 15 percent of all hospital-acquired bloodstream infections (49). Invasive
candidiasis is often undetectable in healthy individuals. However, there are several well-defined risk factors
associated with this particular category of disease. These risk factors include comorbidities such as renal disease and
hemodialysis, as well as iatrogenic causes such as chemotherapy or gastrointestinal surgery. There is a strong
correlation between burn units and an increased incidence of invasive Candida infections (50).

Systemic candidiasis is a nosocomial infection that occurs in some categories of hospitalized patients who have
higher levels of yeast in their mouths and gastrointestinal tract compared to the general population. It is associated
with longer hospital stays and a variable risk of death. Patients who are immunosuppressed due to antibiotic or
steroid treatment or who have undergone surgical procedures, including organ transplants or heart surgery, are more
likely to have a high prevalence of yeasts. C. albicans is responsible for eleven percent of all healthcare-acquired
urinary tract infections (51).

Renal candidiasis is a disease in which Candida spreads through the bloodstream and begins in the
gastrointestinal tract. It can develop while a person is undergoing antibiotic or corticosteroid therapy. Lower urinary
tract disease is common in women due to local factors (52). Major risk factors for fungal urinary tract infections
include the presence of foreign bodies in the urinary system, including stents or stoma tubes, mechanical obstruction
of urine flow and renal tubules, impairment of the renal cortex leading to obstruction of the tubules, and
hydronephrosis (53). This can lead to pyelonephritis accompanied by secondary fungemia. Renal candidiasis, i.e.,
pyelonephritis, often results from either an infection that spreads from the top down or, more commonly, from the
spread of the Candida via the bloodstream from another organ. Symptoms include stiffness, fever, abdominal pain,
and discomfort in the lumbar region (54).

Over the last three decades, the number of organ transplants, the spread of the human immunodeficiency virus
(HIV), and the increasing use of proven and new immunosuppressive drugs have increased significantly. As a
result, the number of people with immunodeficiencies has increased significantly and with it the incidence of
invasive fungal infections, which can lead to life-threatening diseases. Clinicians undoubtedly need to improve their
knowledge and understanding of clinically significant fungi (54). People suffering from chronic renal failure have
disturbances in immune function that affect both the innate and adaptive systems. These consequences include
immunosuppression, which increases susceptibility to infections, and stimulation of the immune system, which
leads to a persistent inflammatory state (55).
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The administration of dialysis therapy may exacerbate some elements of this condition, particularly the
triggering of inflammation. In addition, there is an increasing number of people who have resumed dialysis due to
rejection of their transplants. A significant number of people have undergone long-term and extensive
immunosuppression. These patients are particularly vulnerable (56). Colonization can lead to the development of
candidiasis, which can then progress to its more severe form, esophageal candidiasis. If immunosuppression persists
or worsens, it also contributes to systemic candidiasis. Renal insufficiency can impair both humoral and cellular
immunity by affecting the subsets of T lymphocytes (57). Uremia leads to a reduction in the phagocytic function of
macrophages, as shown by (58).

Immunological Tests for C. albicans Infection Diagnosis

Immunological approaches include a variety of tools and specific experimental procedures developed by
immunologists to stimulate, quantify and characterize immune system responses (59). Immunologists may modify
the immune system through cellular, molecular and genetic modification. It is often used for the diagnosis of human
diseases. There are a variety of laboratory tests in medical immunology, some of which are necessary for diagnosis
and others are helpful in the classification of diseases. Some of them are only relevant for research purposes today,
but have the potential to contribute to our collection of tools and knowledge in immunology in the future.
Immunological tools are commonly used to diagnose human diseases and are extensively used in clinical and
biotechnological settings. These approaches include various methods of immunological analysis (60).
1. Fluorescent Immunoassay

The fluorescence immunoassay is a method for detecting and measuring specific substances using fluorescent
markers that bind to target molecules. Immunofluorescence uses antibodies conjugated with fluorescent chemicals
known as fluorochromes. Fluorescein isothiocyanate (FITC) is often used as a fluorescent compound in
immunology. It attaches to vacant amino groups on proteins. When UV light is focused on FITC, it emits a greenish
luminescence. Fluorescence microscopes equipped with UV sources are used to analyze specimens treated with
fluorescent antibodies. This test is frequently employed for antigen identification in cells or tissue sections (61).
Immunofluorescence is categorized into three main groups.

2. Direct Immunofluorescence

This technique involves detecting the existence of an antigen in medical samples by using a specific antibody
labeled with a fluorochrome (62).
3. Indirect Immunofluorescence

This method utilizes two antibodies. The unlabeled primary antibody specifically binds to the targeted molecule.
The next antibody, labeled with a fluorophore, subsequently identifies and binds to the original antibody (62).
4. Micro Immunofluorescence

Micro immunofluorescence is a serological technique used to identify antibodies in people’ serum (63).
5. Flow cytometry

Flow cytometry is a method that examines and quantifies the properties of individual cells or materials by
directing them via a laser beam and identifying the dispersed light or fluorescence produced. Flow cytometry is a
technique used to measure cells expressing a specific antigen. The cells are labeled with an antibody that
specifically targets the antigen present on their cell surface. The antibody is conjugated with certain fluorescent
reagents such as FITC (many other different colored fluorophores are available) and then added to the flow
cytometer. The amount of stained cells can be quantified, e.g. the number of CD4+T cells (64).

6. Radioimmunoassay (RIA)

Radioisotopes can be used in radioimmunoassays to determine the level of antibodies or antigens in a serum
sample. When measuring antibody levels, a radiolabeled antibody is used to compete with the patient's unlabeled
antibody for binding sites on a specific amount of antigen. The main advantage of the radioimmunoassay technique
is its high specificity and its ability to detect minute amounts of antigen or antibody. In addition, a large number of
experiments can be performed in a very short period of time. The disadvantage lies in the dangers associated with
isotopes and the inconsistency (65). However, as Radioimmunoassays (RIAs) became increasingly common,
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worries about the increasing amounts of radioactivity generated by research and medical laboratories, and the
associated risks to technicians and the environment, also increased (66).
7. Enzyme-linked Immunosorbent Assay (ELISA)

Enzymatic Enzyme-Linked Immunosorbent Assay (ELISA) is a biochemical method used for identifying and
quantifying certain molecules, such proteins or antibodies, in a sample. ELISA is a commonly used analytical
biochemistry test that was first described by Engvall and Perlmann in 1972. This test was used to measure the
presence and amount of antigens or antibodies. ELISA is a very sensitive and simple test used for diagnostic
purposes in healthcare, plant pathology, and biotechnology. It is also used as a quality control measure in several
industries. Antigens from the sample are attached to the surface of a plate in the simplest form of an ELISA. The
antibody is then applied to the surface to form a bond with the antigen. The antibody is linked with an enzyme, and
in the last step, a solution containing the enzyme's substrate is added. The following reaction results in a
recognizable sign, often appearing as a shift in color (64).

8. Essays about Antibodies

The first nonculture diagnostic techniques were blood tests to detect Candida antigens and anti-Candida
antibodies. In Europe, the Mannan and antimannan IgG tests (Platelia Candida Ag-Plus and Ab-Plus Bio-Rad) and
C. albicans germ tube antibody (CAGTA) assays (Vircell kit and VirClia IgG Monotest) are utilized. However, it is
important to note that these tests have not been approved by the Food and Drug Administration (FDA) in the United
States (2). In a meta-analysis of 14 trials, the sensitivity and specificity of mannan were found to be 58% and 93%,
respectively. Similarly, the sensitivity and specificity of antimannan were 59% and 86%, respectively. The
combination mannan/antimannan assay demonstrated a sensitivity of 83% and a specificity of 96%. Patients
infected with C. albicans, C. glabrata, and C. tropicalis showed the most favorable results. The meta-analysis
revealed substantial variation among the papers included (67).

9. Detection of Beta-D-Glucan (BDG)

BDG is a prevalent polysaccharide that makes up the cell wall of most fungi, except for the Mucorales,
Cryptococci, and Blastomyces dermatitidis. The Fungitell test, developed by Associates of Cape Cop, Inc. in East
Falmouth, MA, USA, is the only assay that has received approval from the FDA. The test is a quantitative,
chromogenic immunoassay (EIA) specifically developed to identify BDG by using lysed amebocytes from
horseshoe crabs (Lumulis Polyphemus). These cells trigger the process of blood clotting in the presence of BDG in
serum samples (68). BDG tests exhibit varying performances due to differences in the B-glucan standards used,
specimen preparation techniques, and kit lysates. Multiple meta-analyses have shown that the combined sensitivity
and specificity of BDG testing in patients with confirmed or likely invasive fungal infections was 80% (95%
confidence interval (Cl): 77-82%) and 82% (95% Cl: 81-83%), respectively. The highest level of diagnostic
accuracy has been reported for a cutoff value more than 80 pg/mL, with an area under the curve (AUC) of 0.92.
Alternatively, a cutoff value greater than 60 pg/mL, as defined by the European Organization for Research and
Treatment of Cancer (EORTC) and the Mycoses Study Group (MSG) EORTC/MSG guidelines, may also be used
as the reference standard. The included studies exhibited significant heterogeneity (69).

The primary drawback of this test is the extensive range of factors that can lead to false-positive results, including
albumin infusions, human blood products like immunoglobulin, coagulation factors, plasma and protein factors,
gauze packing, intravenous amoxicillin-clavulanic acid and piperacillin tazobactam, severe mucositis, enteral
nutrition, disruption of the gastrointestinal tract, and systemic bacterial infections. These characteristics are quite
common in people who are at risk for candidiasis. Additionally, the limited reusability of 96-well trays restricts the
frequency of batch testing because of the increased expense involved.

The accuracy of BDG may be enhanced by identifying successive positive findings. According to Hanson et al.,
the presence of at least two consecutive positive results yielded a sensitivity of 100%, specificity of 75%, and
negative predictive value of 100% for invasive candidiasis in non-neutropenic critically ill patients (70). In a study
conducted by Ellis et al., it was shown that individuals with neutropenic fever had a sensitivity of 86.8%, specificity
of 81.3%, and negative predictive value of 86.5% (71). Among patients with deep-seated candidiasis but without

53



JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, No. 3 (2025)

candidemia, the sensitivity and specificity of BDG were found to be 56-76.7% and 57-92.9% respectively,
according to studies (72,73).
Baseline BDG levels below 416 pg/mL may serve as a reliable indicator of a good prognosis in individuals with IC,
with an 89% positive predictive value. Patients who have excellent treatment outcomes often exhibit a negative
slope in their B-D glucan levels on serial measures. Conversely, patients who experience treatment failure tend to
have a positive slope in their serial measurements (30, 31). Furthermore, BDG has been used as a means of
managing antifungal usage, enabling the timely cessation of empirical echinocandin treatment in high-risk ICU
patients who consistently test negative (74,75).
10 . The T2-Candida Detection Panel

T2Candida is a diagnostic tool that identifies the presence of Candida in whole blood. It does this by employing
an automated system that breaks down blood cells, Candida cells, and detritus by mechanical bead-beating. It then
amplifies the DNA using specific primers that target the ribosomal DNA intervening transcribed spacer regions
(ITS2) of Candida (76). In addition, the amplified PCR product causes the supra-magnetic nanoparticles to clump
together, resulting in noticeable alterations in the T2 relaxation time when seen by magnetic resonance. A total of
250 blood culture samples were collected from patients who were sent for the usual standard of care. These samples
were manually enriched with clinically significant titers of the 5 Candida species that are specifically targeted by
T2Candida: C. albicans, C.glabrata, C. parapsilosis, C. tropicalis, and C. krusei. The overall sensitivity of the test
was 91.1% with a 95% confidence interval (Cl) of 86.9-94.2%. The specificity of the test was determined to be
99.4% with a 95% CI of 99.1-99.6%. The detection limits for C. tropicalis and C. krusei were 1 CFU/mL, for C.
albicans and C. glabrata it was 2 CFU/mL, and for C. parapsilosis it was 3 CFU/mL. The average duration for
species identification is 4.4 hours with a standard deviation of 1 hour, whereas the blood culture takes an average of
129.9 hours with a standard deviation of 26.3 hours (77).

CONCOLUTIONS

Immunological tests, candidiasis, and ESKD demonstrate the intricate relationship among immune function,
fungal infections, and renal health. Immunological tests are crucial for detecting and managing candidiasis in
patients with ESKD. These tests enable clinicians to assess immunological reactions, identify fungal infections, and
make educated decisions on treatment. The study has outlined the diagnostic and prognostic significance of
immunological markers in distinguishing between colonization and invasive fungal infections, offering a crucial
insight into the immune status of patients with ESKD.

Furthermore, the challenges of managing candidiasis in patients with end-stage kidney disease have been
highlighted, considering the impact of immunosuppression and renal failure on the body's ability to combat fungal
infections. The data emphasize the need to create antifungal treatments tailored to target the unique immunological
and renal variables in this patient population. Managing candidiasis in end-stage kidney disease requires a
multidisciplinary approach including nephrologists, infectious disease specialists, and immunologists, to improve
patient care.
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